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Biosafety assessment of Listeria monocytogenes in vegetarian burger 
patties in Malaysia
Abstract: The aim of this study was to examine vegetarian burger patties manufactured by two producers in 
Malaysia for the presence of Listeria monocytogenes. Brand A was produced by an established food manufacturer 
while Brand B was produced by a small-scaled food producer. A total of 108 samples of vegetarian burger 
patties produced by both manufacturers were sampled from retail market and were analyzed by combined 
MPN-PCR and MPN plating method. Of all the samples tested, ten (9.3%) were found to be contaminated 
with L. monocytogenes. The L. monocytogenes contamination level in vegetarian burger patties manufactured 
by producer A (20.9% of the samples were contaminated with 3-1100 MPN/g of L. monocytogenes) was 
significantly higher (P<0.05) than vegetarian burger patties manufactured by producer B (1.5% of the samples 
harbored 9.2 MPN/g of L. monocytogenes). Based on the detection and isolation rate obtained with MPN-PCR 
and MPN-plating, the recovery rate of the L. monocytogenes was estimated to be only 40.0% by MPN-plating 
approach. 
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Introduction
Interest in vegetarianism appears to be increasing 
nowadays due to health reasons. In United Kingdom, 
the number of people who claimed to be vegetarian 
has increased dramatically from 0.2% in the 1940s 
(Spencer, 1994) to between 3 and 7% of the population 
in the year 2000 (Povey et al., 2001; Robinson, 
2001). In the United States, a poll conducted by The 
Vegetarian Resource Group (Stahler, 2006) showed 
that 2.3% of the adult population consistently follows 
a vegetarian diet and 1.4% follows a strict vegan diet. 
In India, the population who follow a strict vegetarian 
diet is approximately 35% (International Vegetarian 
Union, 2006). 
In Malaysia, there is no published data showing 
the percentage of vegetarians in the population. 
However, the expansion of vegetarian meals and 
frozen vegetarian food market indicates increasing 
demand for vegetarian food products, and hence 
indicate an increase in the number of vegetarians in the 
nation. Besides producing a vast variety of vegetarian 
products from soup to nuts, food manufacturer also 
bear the responsibility of ensuring the wholesomeness 
of the products. However, the widespread presence 
of Listeria monocytogenes in incoming ingredients 
as well as the ability of the bacterium to withstand 
wide range of pH, salt concentrations and storage 
temperatures results in its persistence in food 
processing environments (Liu et al., 2004).
In recent decades, L. monocytogenes has 
emerged as a significant foodborne pathogen. Most 
human foodborne infections are associated with high 
incidence rate but low morbidity and mortality rate. 
However, this is opposite for human listeriosis, which 
is a relatively rare but potentially severe infection, 
associated with a fatality rate of up to 30% (Lorber, 
1997). Although the pathogens are normally killed 
by pasteurization, or other heating procedures, the 
possibilities for cross-contamination or undercooking 
are reasons for concern. 
To date, many studies on biosafety of L. 
monocytogenes in various foods have been carried 
out (Ferguson and Shelef, 1990; Arumugaswamy 
et al., 1994; Beuchat, 1996; Aparecida de Oliveira 
et al., 2010; Ponniah et al., 2010). Several reports 
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on various food pathogens in Malaysia also have 
been reported (Tan et al., 2008; Tang et al., 2009; 
Jeyaletchumi et al., 2010; Suzita et al., 2010; Tunung 
et al., 2011) but there is no published data showing 
the prevalence of any of these pathogens vegetarians 
foods products. The objective of this study was to 
carry out a preliminary study on the occurrence of L. 
monocytogenes in vegetarian burger patties produced 
by two different manufacturers, by using the MPN-
PCR method and MPN-plating method.
Materials and Methods
Sample
In this study, ‘vegetarian burger patty’ refers to 
a disc-shaped, compact serving of a meat substitute 
that is commercially available in frozen state in 
several retail shops in Malaysia. It is normally fried 
and served with burger buns as a ‘vegetarian burger’. 
Generally it is made of soy protein, gluten, mushroom, 
and flavor enhancers.
Sample preparation
A total of 108 vegetarian burger patties were 
sampled from June to October 2009 and investigated 
for the presence of L. monocytogenes. Samples were 
transported to the laboratory in chilled condition 
and analyzed immediately. These samples consisted 
of 43 pieces of brand A and 65 pieces of brand B 
vegetarian burger patties. The two brands differed in 
terms of manufacturers. Brand A was manufactured 
by a large registered local manufacturer in Selangor, 
Malaysia; while Brand B was manufactured by a 
small-scale local food industry. Brand B did not fully 
conform to local food labeling regulations because 
some important information such as expiry date was 
not found. The samples were analyzed using the 
procedure adapted from FDA-BAM Standard for 
detection of Listeria, with modification (Ponniah et 
al., 2010).
Pre-enrichment
A sample was cut into small pieces and 10 g 
portion was homogenized with 90 ml of Listeria 
Enrichment Broth Base (Merck) for 120 s. At the 
fourth hour of incubation at 30°C, selective agents 
were added: acriflavin (final concentration: 10 mg/l); 
sodium nalidixate (final concentration: 40 mg/l); 
and cycloheximide (final concentration: 50 mg/l) 
(Sigma).
Detection and Enumeration of L. monocytogenes by 
MPN-PCR
Enriched broth (10-1) was made up to 100-fold 
(10-2) and 1000-fold (10-3) dilution. For three-tube 
MPN method, 1 ml aliquot from each dilution was 
transferred into triplicate MPN tubes. All of the 
turbid MPN tubes after 48 h of incubation (30°C) 
were subjected to DNA extraction by boiled-cell 
method (Chai et al., 2007) with modification. The 
content in MPN tube was centrifuged at 10,000 g 
for 5 min to pellet the microorganisms. The pellet 
was resuspended in 500 μl of sterile distilled water 
and boiled for 10 min. After boiling, the content was 
cooled at -20˚C immediately for 10 min and then 
centrifuged at 10,000 g for 10 min. The supernatant 
that contained the template DNA was used in PCR 
assay. Two pairs of primers were used in this study 
(Border et al., 1990). Primer pairs of 5’-CCT-AAG-
ACG-CCA-ATC-GAA-3’ and 5’-AAG-CGC-TTG-
CAA-CTG-CTC-3’ was used to target hlyA gene 
at 702-bp region whereas primer pairs of 5’-CAG-
CMG-CCG-CGG-TAA-TWC-3’ and 5’-CTC-CAT-
AAA-GGT-GAC-CCT-3’ was designed to amplify 
16S rRNA at 938-bp region. PCR amplification was 
performed in 25 μl of a reaction mixture: 5 μl of 5× 
PCR buffer, 1.5 mM MgCl2, 0.08 mM dNTP mix, 1.5 
U Taq Polymerase, 10 pM of each primers and 2 μl 
of DNA template. Amplification of DNA segment 
was performed with the Veriti 96-Well Thermal 
Cycler (Applied Biosystems) using the condition: 
initial denaturation (94˚C for 5 min); 30 cycles of 
denaturation at 94˚C (30 s), annealing at 53˚C (1 
min) and elongation at 72˚C (2 min); followed by a 
final extension (72˚C for 7 min). L. monocytogenes 
ATCC 19155 was used as the positive control during 
PCR amplification. 5 μl of PCR products were loaded 
on 1.0% agarose gel (stained with ethidium bromide) 
and electrophoresized at 100 V for 30 min. The gel 
was viewed under UV light. 
Isolation of  L. monocytogenes on culture media
Prior to DNA extraction, culture from MPN tube 
was streaked onto Palcam agar and incubated at 30°C 
for 48 h. L. monocytogenes grows on Palcam agar as 
black-centered grayish-green sunken colony. At least 
five presumptive colonies were selected and purified 
onto Tryptose Soy Agar and subjected to PCR assay 
for confirmation.
Data analysis
The resulting data were subjected to Chi-Square 
test using SPSS software (version 16.0) to determine 
significant difference between the different brands 
of vegetarian burger patty. The sample that showed 
positive result upon plating was compared to MPN-
PCR positive sample to determine the recovery rate 
of L. monocytogenes with the following equation:
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Recovery rate =      Plating positive sample   
                             MPN - PCR positive sample    
Results and Discussion
L. monocytogenes was detected in vegetarian 
burger patties in this study at a prevalence of 9.3%. 
The results of the detection and enumeration for 
L. monocytogenes in burger patties from different 
brands by using different methods are shown in Table 
1. For brand A, L. monocytogenes was detected at a 
prevalence of 20.4% and 9.3%, using MPN-PCR 
and MPN-plating method, respectively. However for 
brand B, L. monocytogenes was only detected in 1 out 
of 65 (1.5%) using MPN-PCR method; and none was 
detected by MPN-plating method. The microbial load 
for L. monocytogenes in tested samples was found 
to range from 3 to more than 1100 MPN/g. Of ten 
MPN-PCR positive samples, almost 80% of positive 
samples harbored ≤19 MPN/g of L. monocytogenes.
This finding is quite surprising especially to 
vegetarians group since their thought on vegetarian 
food products is generally healthier and more 
hygienic. But somehow, when look into their main 
ingredients, contamination is possible which might 
originated from the plant protein sources which 
include soy bean and mushroom. A study done by 
Welshimer and Donker-Voeat (1971) showed that 
L. monocytogenes was found in soil and decaying 
vegetation, especially dead and decayed soybean 
plants. On the other hand, L. monocytogenes has also 
been detected in mushrooms in a study carried out in 
Norway (Johannessen et al., 2002). In fact, Beuchat 
(1996) debated that L. monocytogenes is the most 
frequent pathogen associated with fresh produce 
among the foodborne pathogens. A number of studies 
have shown that L. monocytogenes is a common 
contaminant in fresh produce (Beuchat, 1996; 
Ferguson and Shelef, 1990; Aparecida de Oliveira 
et al., 2010). Several studies carried out in Malaysia 
also reported the incidence of L. monocytogenes in 
fresh produce (Arumugaswamy et al., 1994; Ponniah 
et al., 2010).
Montville and Matthews (2008) described 
the transmission route of L. monocytogenes from 
the surrounding environment into food handling 
areas through soil on workers’ shoes and clothing, 
as well as naturally contaminated raw materials. 
This bacterium tends to attach onto surfaces such 
as stainless steel, glass, and rubber. At the same 
time, high humidity and nutrient levels inside food 
processing line support and promote listerial growth 
(Montville and Matthews, 2008). In the present study, 
L. monocytogenes was found to be more prevalent 
in brand A (20.9%) than brand B (1.54%) at the 
significant level of P < 0.05. This result suggested that 
the microbiological standard in well-established food 
processing plant (producer A) might be lower than 
the small-scaled food manufacturer (producer B). 
However, on-site investigation is necessary, before 
we can draw a conclusion on the hygienic status of 
these two manufacturing plants.
L. monocytogenes in food is an ongoing 
biosafety concern worldwide especially for the food 
manufacturing premise. As early as 1980s, extensive 
reviews had been done by numerous researchers on 
the persistence of L. monocytogenes in foods (Doyle 
et al., 1985; Grau and Vanderline, 1990; Ryser and 
Marth, 1988; Ryser et al., 1985). Beside the ability to 
grow over wide temperature and pH ranges, its biofilm 
formation ability also causes L. monocytogenes to 
persist in the food processing line. Development 
of biofilm on food handling or processing surfaces 
and food storage areas is a major concern as this 
can cause product contamination. Furthermore, 
according to Mah and O’Toole (2001) and Lewis 
(2001), elimination of biofilm from food processing 
environments is particularly difficult because they 
are more resistant to sanitizers and disinfectants 
compared to planktonic cells.
Out of ten MPN-PCR positive samples, only 
40.0% of L. monocytogenes was assumed successfully 
recovered and isolated on culture media. This could be 
due to the bacterium’s ability to enter VBNC (viable 
but nonculturable) state as a result of environmental 
stress which are lethal if the cells do not get into 
dormancy state, such as storage at temperature outside 
the range of growth, changes in osmotic concentration 
due to addition of seasoning or flavoring compounds 
(Oliver, 2000). VBNC cells are unable to grow and 
× 100%
Table 1. Prevalence (%) and microbial load (MPN/g) of L. monocytogenes in raw vegetarian burger patties, 
showed by both MPN-PCR and MPN-plating method
Brand Number of 
sample tested
Number of MPN-PCR positive 
sample (Percentage, %)
Microbial load (MPN/g) Number of MPN-plating 
positive sample (%)
Min Med Max
A 43 9 (20.4) 3 16 >1100 4 (9.3)
B 65 1 (1.5) 9.2 9.2 9.2  0 (0)
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form colony on routine bacteriological media on 
which they would normally grow but remain alive 
(Oliver, 1991). Thus far, it is uncertain if VBNC cells 
can cause human infection. However, it is possible 
to resuscitate VBNC to active cells and subsequently 
initiate infection in human host. This is of particular 
importance if the food safety inspection body still 
employs the conventional culture-dependent method 
in investigation of microbiological quality of food, 
as it tends to give false negative results. Moreover, 
Shearer et al. (2001) stated that PCR-based methods 
were better in detecting pathogens in contaminated 
foods as compared to culture-dependent methods due 
to their higher sensitivity. In recent year, MPN-PCR 
method has been widely applied in many studies to 
report the presence of foodborne pathogen in various 
foods quantitatively and qualitatively (Chai et al., 
2007; Chai et al., 2009; Ponniah et al., 2010; Pui et 
al., 2010; Tunung et al., 2010).
L. monocytogenes was detected in vegetarian 
burger patties in this study. Although the incidence 
rate is comparatively lower than other foods, it could 
still pose a serious health risk to consumers who 
consumed undercooked contaminated vegetarian 
burger patties, especially pregnant women, the 
elderly and immune-compromised individuals. The 
present study showed that MPN-PCR is more useful 
and effective for detection of L. monocytogenes 
as compared to MPN plating method. Hence, the 
usage of PCR method in current practices is highly 
recommended in order to obtain more precise and 
reliable result.
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